Newborns with hemophilia are at risk of intracranial hemorrhage, extracranial hemorrhage, and other bleeding complications. The safe delivery of a healthy newborn with hemophilia is a complex process that can begin even before conception, and continues throughout pregnancy, birth, and the newborn period. This process involves the expectant parents and a wide variety of healthcare professionals: genetic counselors, obstetricians, neonatologists, pediatricians, radiologists, adult and pediatric hematologists, and nurses with expertise in hemophilia. Because of this multidisciplinary complexity, the relative rarity of births of newborns with hemophilia, and the lack of high-quality evidence to inform decisions, there is considerable variation in practice in this area. We present a comprehensive multidisciplinary approach, from preconception counseling to discharge planning after birth, and describe available options for management decisions. We highlight a number of areas of important uncertainty and controversy, including the preferred mode of delivery, the appropriate use and timing of neuroimaging tests, and the appropriate use of clotting factor concentrates in the newborn period. While the approach presented here will aid clinicians in planning and providing care, further research is required to optimize the care of newborns with hemophilia.
Introduction
Hemophilia A and B are congenital deficiencies of coagulation factor VIII (FVIII) and factor IX (FIX), respectively, and are among the most common inherited bleeding disorders. Newborns with hemophilia are at increased risk of intracranial hemorrhage (ICH) and its sequelae, [1] [2] [3] extracranial hemorrhage (ECH), 1, 4 and other bleeding complications. 4 The prevention, detection, and treatment of these complications are of foremost importance during and after delivery.
The safe delivery of a newborn with hemophilia involves many decisions and considerable planning. However, even experienced clinicians may not manage newborns with hemophilia frequently, 5 and high-quality evidence does not exist to inform many decisions. Guidance documents from the United States (Medical and Scientific Advisory Council of the National Hemophilia Federation), 6 the United Kingdom (United Kingdom Hemophilia Centre Doctors' Organization), Organization), 8 and the World Federation of Hemophilia 9 are available. The breadth and depth of information in some of these documents is limited, particularly with regard to the care of newborns. In addition, some of these documents do not address the most current literature in the area. (They remain useful documents, however, particularly for describing practice in particular settings.) For these reasons, our multidisciplinary group prepared this comprehensive guide for use by clinicians who manage the pregnancies, deliveries, and postnatal care of newborns with hemophilia.
Hemophilia A and B are disorders with X-linked recessive inheritance, and often occur with a family history or in children born to mothers who are known carriers. However hemophilia can occur, as the result of new mutations, in patients without family histories of the disorder. It is not possible to plan for this eventuality, but many of the principles of care described below may be applied to newborns diagnosed with hemophilia after birth.
Some of the principles of care described here may also apply to newborns affected by or at risk of other moderate and severe inherited bleeding disorders. Some disorders, such as type 2A, 2B, or 2 M von Willebrand disease, are inherited in an autosomal dominant fashion: a newborn born to a parent affected by one of these disorders has a 50% chance of being affected themselves. Other disorders, for example type 3 von Willebrand disease or factor XIII deficiency, are generally rare because of autosomal recessive inheritance, and therefore difficult to anticipate before birth. However, if there is already an affected child in a family, the risk for any subsequent newborn is 25%.
Newborns with mild hemophilia (baseline FVIII or FIX levels greater than 5%) can have ICH. This is likely infrequent, but the incidence is difficult to estimate accurately, as patients with mild hemophilia are underrepresented in existing studies. 4, 10 Other mild bleeding disorders, such as type 1 von Willebrand disease, are not associated with severe bleeding complications, such as ICH, in newborns. 11 It may be possible, depending on the clinical circumstance and parent preference, to manage pregnancies involving these mild bleeding disorders without all the special considerations described here.
The obstetric care of women with inherited bleeding disorders, including hemophilia carriers, is an extensive and complex topic. Considerations include the management of bleeding risks associated with invasive prenatal procedures and regional anesthesia, and the increased risk of postpartum hemorrhage. This is all considered in proper detail elsewhere. 12, 13 This guide incorporates available evidence, which is largely of low quality (ie, observational studies and case reports), as well as expert opinion and common current practice. The primary aims of this guide are therefore to explore management options, describe frameworks for decision-making, and provide guidance, rather than to make firm recommendations. In practice settings where some elements of care are not readily available (eg, factor concentrates, neuroimaging modalities, and specialized obstetric services), the approach described here may require adaptation to the resources at hand.
Longitudinal Multidisciplinary Care Coordinated by a Hemophilia Treatment Center
The care of a newborn with hemophilia begins at the diagnosis of pregnancy or, in some cases, before conception, and continues through delivery and the neonatal period. Many practitioners will be involved: pediatric hematologists, adult hematologists, hemophilia nurses, obstetricians and maternalfetal specialists, obstetrics nurses, genetic counsellors, neonatologists, pediatricians, radiologists, and experts in blood banking and laboratory medicine. Parents may wish for care to be provided by midwives or doulas; there is no reason to exclude these practitioners, but they should not be considered substitutes for medical professionals with expertise in high-risk obstetrics, neonatology, and hemophilia care. The parents of the newborn are essential members of this team, and their preferences should be solicited and considered throughout.
Ensuring this multidisciplinary care should be the guiding principle, and the Hemophilia Treatment Center (HTC) has a central role in coordinating care during pregnancy, delivery, and the newborn period. Care at an HTC reduces mortality and improves outcomes in patients with hemophilia, 14,15 although this has not been specifically demonstrated for newborns or for hemophilia carriers.
Some families may not live near their HTC. Practitioners at the HTC should still assume the role of coordinating care in this circumstance. This will involve thorough communication with local practitioners throughout all stages of the preconception counselling, pregnancy, delivery, and newborn period. Communication with families may be provided via telemedicine when appropriate. However, depending on what resources are available at local facilities, it may be necessary to provide some aspects of care at the HTC. In particular, it may be necessary to have the delivery take place at the HTC, as is discussed below.
There may be obstacles to providing coordinated comprehensive care in a timely manner. For example, pregnant carriers, particularly if they do not have bleeding problems themselves, may not be registered with or aware of the nearest HTC. In this situation, HTC staff might not become aware of a pregnancy involving a hemophilia carrier until very late, and perhaps not until after delivery. If a delivery is occurring at an institution other than the HTC, privacy concerns may make it difficult to inform the HTC of an impending delivery. Finally, if a well-organized registry system or established HTCs do not exist in a particular jurisdiction, the identification of pregnant carriers and the coordination of care may be challenging. When there are such barriers to the provision of comprehensive care, is it important to ensure that communication is as clear and thorough as circumstances will allow. Establishing a written institutional policy for the management of pregnant hemophilia carriers and their newborns is strongly recommended.
Prenatal Care Genetic Counseling and Prenatal Testing
Care may begin prior to a woman becoming pregnant, if she is known to be a carrier or if there is a family history of hemophilia. Genetic counseling regarding hemophilia would ideally occur before pregnancy, 16, 17 allowing for all relevant testing options to be made available to parents, with the least time constraints for making decisions. Genetic counseling should be offered to every carrier and possible carrier. This should include a description of hemophilia, a review of the inheritance pattern, and a discussion regarding available testing options 9, 16 ( Figure 1 ). Applicable prenatal Figure 1 . Algorithm for prenatal counseling and diagnostic testing for carriers or possible carriers of hemophilia. *See Table 1 for testing options.
genetic testing of both the mother and the fetus should always be offered, when available. Establishing carrier status for women, who may be asymptomatic, can be challenging in X-linked conditions. In the setting of hemophilia, carrier status cannot be excluded by a normal activated partial thromboplastin time (APTT) or normal FVIII or FIX levels, 25 and genetic testing is recommended for definitive diagnosis. Unfortunately in some settings. it may be difficult to obtain reimbursement from insurance providers for this testing.
Carriers and possible carriers can opt to conceive naturally, to use an egg donor, to employ preimplantation genetic diagnosis, or to adopt. All of these options are feasible for women at risk to have a child with hemophilia; a successful case of preimplantation genetic diagnosis for hemophilia has been described. 18 Once a woman is pregnant, there are a number of testing options that can be used, including noninvasive prenatal testing, ultrasound, chorionic villus sampling, and amniocentesis. First trimester ultrasound for determination of fetal sex may be particularly useful in practice settings with limited resources. 22 The information provided by these tests and associated risks are summarized in Table 1 . Recently, third trimester amniocentesis has been used for definitive prenatal diagnosis. This may help avoid unnecessary anxiety and intervention when a fetus is proven not to be affected. 26, 27 When genetic testing is chosen, fetal sex is determined first and then, for male fetuses only, mutation status is determined. 12 Definitive prenatal testing of a fetus cannot occur without a known mutation in the family. It is therefore important to ensure that a mutation has been correctly detected prior to any genetic investigations on a fetus. Genetic testing of mothers can occur during pregnancy.
Noninvasive testing that is currently available for clinical use can determine fetal sex. As technologies develop, more definitive testing by noninvasive methods will likely be possible: accurate noninvasive testing for F8 mutations for families with hemophilia has been successful on a research basis. 19 
Prenatal Planning
Any carrier or possible carrier who becomes pregnant should be referred to a high-risk obstetrics unit or maternal-fetal medicine unit, for coordination of obstetric care. A referral to an HTC should also be made, so that education can be provided to the parents, and to plan the hematologic care of the mother 12 and the fetus/newborn. 5 Advance planning for the delivery is an important part of prenatal care. Delivery must occur at a center that can guarantee the availability of obstetrics, neonatology or pediatrics, hematology, and blood bank and laboratory services. The ongoing involvement of the HTC before, during, and after delivery is crucial, and must be ensured even if the HTC is at a different site than the delivery. A written delivery plan (Table 2) should be prepared and given to the parents and to Genetic testing is only available if familial F8 or F9 mutation is known. Genetic testing occurs once male sex is established (see Figure 1 ). b The risk of bleeding complications for mothers who are carriers with low factor levels should be assessed and managed in cooperation with the woman's HTC. 12,17 c Current literature suggests the risks associated with chorionic villus sampling and amniocentesis may be lower than is stated here.
23,24
d For early amniocentesis, in the first or second trimester. e For late amniocentesis, in the third trimester.
the members of the multidisciplinary team that will care for the mother and the newborn. This plan should include: obstetric care for the mother, planned mode of delivery, and immediate postnatal care for the newborn. Specific topics are discussed in detail below.
Management of Delivery Notification of Team Members
When delivery is imminent, the HTC team, the neonatology service, the hemostasis laboratory, and the blood bank should be notified. The delivery plan should be reviewed. The availability of replacement factor concentrate should be ensured (see below).
Delivery and Monitoring
It is essential to identify a planned mode of delivery, which must be included in the written delivery plan. Minimizing the risk of ICH is the priority during delivery; other severe bleeding complications, such as cephalohematomas, are also possible. The risk of ICH is substantial: there were 14 deliveryassociated ICH among 547 newborns (2.6%) in a large registry in the United States. 10 It is likely that ICH is more common in newborns with severe hemophilia, as compared to those with moderate or mild disease. 10 However, patients with mild disease may be underrepresented in studies, preventing accurate estimation of relative risk among disease severity strata. Intracranial hemorrhage in newborns with hemophilia is associated with permanent morbidity. [1] [2] [3] Lower risk is observed when the mother is a known carrier, 10, 28 underscoring the importance of identifying carriers antenatally.
Vaginal delivery is not contraindicated for hemophilia carriers or for affected fetuses. There are conflicting data about whether delivery by caesarian section reduces the risk of ICH. 4, 10, 29 Given that caesarian delivery carries additional risks for both mothers and babies, 30 it need not be considered the default mode of delivery.
On the other hand, operative vaginal delivery (ie, vaginal delivery with the assistance of vacuum or forceps) is the most important risk factor for ICH and ECH, 4 and should be avoided. However, the outcome of labor is unpredictable and if a vaginal delivery is attempted, avoidance of an operative delivery cannot be guaranteed. In some circumstances, such as when the head is impacted after a prolonged second stage of labor, there may be a considerable risk of trauma with caesarean delivery. 31 In the absence of conclusive evidence, the safest mode of delivery must be chosen by considering, on an individual basis, the risks and benefits of each mode of delivery to both the mother and the fetus. As a basic approach, if there is no obstetric contraindication to vaginal delivery, an attempt at vaginal delivery can be planned. Careful monitoring during labor is essential. If the need for instrumentation is a possibility, the A copy of the written delivery plan should be given to the parents to bring to the delivery. The written delivery plan should be available in the caseroom where delivery is planned to occur, and it should also be on file at the Hemophilia Treatment Centre (HTC).
plan for vaginal delivery should be abandoned early in favor of a caesarean section (Figure 2 ). Invasive fetal monitoring, such as placement of intrapartum fetal scalp electrodes and fetal scalp blood testing, should be avoided.
The obstetric and analgesic management of those mothers who are carriers with low factor levels is a complex topic that is beyond the scope of this document, and should be provided in close consultation with the HTC. 12 
Postnatal Care
After delivery, the goals of care are to rapidly confirm a diagnosis of hemophilia if not already done prenatally, to assess the risk of serious bleeding and manage any bleeding that does occur, and to safely provide routine newborn care.
In newborns, bleeding can occur in different sites than in older children with hemophilia. Hemarthroses are uncommon, but bleeding after circumcision can occur frequently. While ICH is the most serious concern, ECH is equally common and can, when severe, result in life-threatening anemia. Bleeding at the sites of heel pokes, intramuscular injections, and venipunctures is possible. Bleeding in the oral mucosa becomes more common after 30 days of age. 4 Umbilical stump bleeding can occur but is not common. 10 Clinicians caring for newborns with hemophilia must be aware of these patterns of bleeding to provide appropriate clinical monitoring.
If a diagnosis of hemophilia has not been made prenatally, newborns should be treated with the presumption that they are affected until the diagnosis is confirmed or excluded (Figure 1 ).
Confirmatory Testing
If a definitive diagnosis of hemophilia has not been made, testing should be done as soon as possible after birth. Both Figure 2 . Algorithm for choosing a mode of delivery. If there is no obstetric contraindication to a vaginal delivery, either a vaginal delivery or a caesarean section may be planned. The dashed pathway indicates that, during labor, a decision may be made to perform a caesarean section in order to avoid a difficult vaginal delivery or an operative vaginal delivery.
the APTT and FVIII or FIX level should be measured, because an APTT that is normal for age may not exclude the diagnosis of mild hemophilia. Factor IX levels in normal newborns may be low enough to be mistaken for mild hemophilia B, 32, 33 so that newborns with slightly low FIX levels should be retested at a later time. To avoid the risk of bleeding following venipuncture, umbilical cord blood 34 is the preferred source of samples for coagulation tests and for genetic testing, provided that precautions are taken to avoid contamination of the sample with maternal blood.
Disposition
A decision must be made regarding the disposition of a newborn with hemophilia after birth. Those who have had traumatic delivery, are premature, have significant facial bruising, or are thought to be at high risk of bleeding for other reasons should be considered for admission to the neonatal intensive care unit (NICU) for monitoring. This should include the use of a protocol for monitoring of newborns who are at risk of ICH. A term newborn who is well and has none of these risk factors for ICH or other bleeding complications may remain with his mother and be discharged with her, as long as appropriate education is complete and follow-up plans are in place (see below).
Routine Newborn Care
Newborns with hemophilia should receive routine newborn care, although some modifications to this care are required.
Newborns with hemophilia should receive vitamin K. This should not be delayed to wait for results of APTT or factor assays. The route of vitamin K administration should be planned prenatally, and included in the written delivery plan. Vitamin K can be given orally (PO), intramuscularly (IM), or subcutaneously (SC). Clinicians concerned about the small risk 4 of an intramuscular hematoma caused by IM injection can consider SC administration of an appropriate formulation of vitamin K. 35, 36 Vitamin K, IM or SC, should be given with a 27 gauge (or smaller) needle, and direct pressure should be applied for at least 5 minutes afterward. A single dose of IM or SC vitamin K (1 mg) is sufficient. Vitamin K PO must be given in 3 doses: 2 mg at birth, at 1 week of age, and at 4 weeks of age. Therefore, if follow-up care cannot be ensured, IM or SC vitamin K is preferred. Vitamin K PO may be associated with an increased risk of hemorrhagic disease of the newborn, even if all scheduled doses are given. 37 The local vaccination schedule should be adhered to. Vaccination is not associated with increased risk of inhibitors in patients with hemophilia A, 38 and this theoretical concern should not motivate the delay or omission of required vaccines. Bacille Calmette-Guerin, if required, is always given intradermally. The World Federation of Hemophilia recommends that all other vaccines be given SC to persons with hemophilia, 9 but local practice may vary. Hepatitis B vaccine is similarly effective whether given SC or IM. 39 Pressure should be applied to the site for at least 5 minutes after either IM or SC vaccination.
Newborns with hemophilia should have blood collected for the routine newborn screening tests at the usual time, as per local practice. A neonatal lancet should be used, and direct pressure applied to the site for at least 5 minutes afterward. If a venipuncture is required, the smallest possible needle should be used, and direct pressure applied to the site for at least 5 minutes afterward.
Availability of Factor Concentrate
The specific factor concentrate to be used, if planned or required, should be determined prenatally, in discussion with the parents, and this information should be included in the written delivery plan. (The selection of a particular concentrate is, in the setting of genuine controversy about the possibility of different risks of inhibitors between different classes of product 40, 41 and the clinical availability of a number of new modified factor replacement products, well beyond the scope of this guide.) An appropriately sized vial of the chosen concentrate should be made available at the time of delivery. Options for this include: keeping the vial in the caseroom (delivery suite), providing the vial to the parents to bring to the caseroom, or requesting the vial from the blood bank when delivery is imminent. Staff present at the delivery should be familiar with the reconstitution and administration of that concentrate. This may require advance education of caseroom or NICU staff.
Desmopressin should not be used in newborns with hemophilia, because of the risk of symptomatic hyponatremia in younger children. 42, 43 Cryoprecipitate and fresh frozen plasma should not be used as sources of FVIII and FIX, respectively, unless a concentrated form of the appropriate factor is not available.
A variety of novel factor concentrates and nonfactor therapies are available, and more are in development. These are difficult to apply knowledgeably to newborns, who are underrepresented in the study of new therapies. Every effort should be made to enter newborns into studies, when appropriate.
Factor VIII and FIX Dosing, Pharmacokinetics, and Monitoring
The usual rules-of-thumb regarding incremental recovery can be used to guide dosing of FVIII and FIX concentrates in newborns: expected increases of approximately 2 IU/mL in FVIII activity for every 1 IU/kg of FVIII concentrate, and of approximately 1 IU/mL in FIX activity for every 1 IU/kg of FIX concentrate. However, FVIII may have reduced recovery, increased clearance, and reduced half-life in young children as compared to older persons, 44 and these differences may not be predictable. Factor IX pharmacokinetics have not been extensively evaluated in very young children. 45 It is therefore not possible to make firm recommendations regarding dosing, particularly if repeated dosing is required. Any newborn who is to receive repeated doses or a continuous infusion of a factor concentrate will require therapeutic monitoring of factor levels. Trough levels, drawn immediately before the next dose of factor concentrate, are used to ensure that factor levels stay above whatever threshold is considered adequate for hemostasis in a given situation (see below). Peak levels, drawn 15 to 30 minutes after a dose has been given, are used to determine recovery. Determining more complex pharmacokinetic parameters (eg, terminal half-life or clearance) requires sampling at multiple time points and may be impractical in newborns. Techniques for the calculation of FVIII and FIX pharmacokinetic parameters from population pharmacokinetic data and Bayesian analysis were not developed with the inclusion of data from newborns, 46, 47 and this approach should not be considered reliable in these patients.
It is common practice to round the administered dose of factor concentrate up to the nearest vial size, to avoid wastage. In some circumstances-for example a 250 IU vial of FVIII concentrate given to a 3 kg newborn-this could result in factor levels substantially above 100% of normal. Elevated FVIII has been associated with thrombotic events in some populations of pediatric patients, 48, 49 while elevated FIX has not. 48 However, neither association has been examined specifically in newborns, so it is worth considering the potential risks of elevated factor levels as the result of replacement therapy in these patients. There may be less concern for newborns with hemophilia A: FVIII levels above 100% in normal newborns may still be considered physiologic. 32 On the other hand, levels of FIX are reduced in the newborn period, 32 so that levels greater than 100% might well be functionally abnormal, and caution might be taken when giving FIX doses that might raise the FIX level higher than 100%; discarding part of a vial to avoid this might be appropriate in some circumstances. With either FVIII or FIX replacement therapy, the presence of other risk factors for thrombosis, such as the presence of central arterial or venous catheters, should be considered when determining an acceptable peak factor level.
Administration of Factor Concentrate
Factor replacement therapy might be given with a number of different indications: to prevent bleeding (ie, prophylactically), to treat possible bleeding (ie, empirically), or to treat bleeding that is observed or considered very likely to be occurring. There are no evidence-based criteria for identifying newborns who will benefit from prophylactic or empiric therapy, but this has been the subject of several surveys of clinicians: Canadian hematologists uniformly opted not to give prophylactic replacement therapy, and approximately a quarter preferred empiric treatment. 5 In the United Kingdom, 19% of surveyed hematologists indicated that they would provide prophylactic treatment, and 38% would provide it empirically. 50 In the United States, 60% of surveyed hematologists disagreed that factor concentrates need to be given prophylactically immediately after delivery, but 89% favored "early prophylaxis." 51 These surveys suggest that clinicians are making decisions about providing empiric factor replacement on an individual basis, considering factors such as ease of delivery, the presence of bruising, and prematurity. It is not known if there is reluctance to use prophylactic or empiric factor replacement because of concern over the risk of subsequent development of inhibitors. This may not be an issue: FVIII administration in the first 24 hours of life is not associated with increased inhibitor risk, 10 and no association of FIX administration in the perinatal period and FIX inhibitors has ever been observed.
However, since there is no proven benefit of prophylactic factor administration, this may be omitted for a term baby after an uncomplicated delivery. In other situations, however, the "factor first" principle applies, and prophylactic therapy should be strongly considered after a difficult delivery, or if significant facial or cranial bruising is present (Figure 3) . Many of the premature newborns with hemophilia reported in the literature have been given prophylactic or empiric factor replacement, [52] [53] [54] [55] [56] [57] and so prematurity should also prompt consideration of prophylactic factor administration ( Figure 3 ). Plans for prophylactic and empiric therapy should be discussed before birth, and included in the written delivery plan.
Newborns with hemophilia may require replacement therapy prior to procedures. Procedures considered to have a high risk of serious bleeding complications (eg, lumbar puncture, peripherally inserted central catheter line insertion with or without cutdown, and chest tube insertion) should be performed under coverage with a factor concentrate. Clinicians may consider performing procedures with low bleeding risk (eg, endotracheal intubation, insertion of umbilical arterial and venous catheters, insertion of nasogastric tubes, and insertion of peripheral intravenous catheters) without coverage with factor replacement therapy.
Surgical procedures must be done under appropriate coverage with factor concentrate. Elective procedures should be avoided. However if a procedure such as circumcision is required for religious, cultural, or medical reasons, this may be performed safely with appropriate factor coverage. Management of circumcision varies in terms of the intensity and duration of factor replacement or other hemostatic therapy 58 (which may include fibrin glue or antifibrinolytics).
For newborns with hemophilia who are bleeding or who are suspected to have bleeding (especially ICH), prompt factor replacement therapy is crucial. The "factor first" principle dictates that factor replacement therapy should be given emergently and should not be delayed for procedures or diagnostic tests (Figure 3) .
Intracranial hemorrhage and ECH in a newborn with hemophilia require emergent, aggressive treatment. Factor replacement can be given by intermittent dosing or by continuous infusion. 59 The immediate goal is to maintain the factor level at 0.5 to 1 IU/mL (50%-100%). Prolonged treatment may be required, followed by a period of prophylactic treatment after the resolution of the hemorrhage.
Bleeding other than ICH or ECH also requires prompt assessment and treatment. In some circumstances, treatment may be less aggressive than is required to treat ICH, and a trough factor level of 0.5 IU/mL (50%) may be adequate.
Intense and prolonged factor replacement therapy is a risk factor for the development of inhibitory antibodies (inhibitors), especially to FVIII. 60, 61 However this risk should not prevent emergent treatment with FVIII or FIX concentrates when required. Newborns who have had intense factor exposure should be frequently tested for the presence of inhibitors using a Bethesda assay. The prevention and management of inhibitors in newborns and older children is beyond the scope of this guide, and should be done in close collaboration with an HTC.
Neuroimaging
There is no high-quality evidence to inform the use of universal or targeted screening neuroimaging in newborns with hemophilia. Practice in this area is reported to be varied. 5, 50, 51 Screening can be performed within an institutional policy, as a decision made with a family before delivery (and included in the written delivery plan) or on an individual basis. Neuroimaging is required after an operative vaginal delivery (which is supported by a recent cost-utility analysis 62 ), for premature newborns, when the delivery is difficult, or when there is facial bruising or more severe ECH evident clinically. In the absence of any of these circumstances, the yield of screening neuroimaging may be low. If ICH is suspected, diagnostic neuroimaging Figure 3 . Algorithm for the use of factor concentrates and neuroimaging for newborns with hemophilia. *If a newborn is born to a hemophilia carrier or possible carrier, but a diagnosis of hemophilia was not obtained antenatally, the newborn should be presumed to be affected and appropriate care provided until postnatal testing confirms that the newborn is not affected. The dashed pathways indicate that if, at any time and regardless of the events of birth, a newborn develops concerning symptoms or has bleeding that is observed either clinically or with imaging, the prompt administration of replacement factor is the priority, followed by appropriate investigation. CT indicates computed tomography; neuro, neurological; NICU, neonatal intensive care unit; MRI, magnetic resonance imaging; US, ultrasound.
should be obtained emergently, but should not delay factor replacement therapy (Figure 3) .
Available diagnostic imaging modalities are conventional radiographs, ultrasound (US), computed tomography (CT) scans, and magnetic resonance imaging (MRI). Conventional radiographs are not of any use in the diagnosis of ICH. Ultrasound is the first screening modality that should be performed. Ultrasound has the advantage of being available at the bedside, and does not use ionizing radiation. The limitations of US are that it fails to reliably detect small to moderate extra-axial hemorrhages along the lateral surfaces of the brain or in the posterior fossa. 63 Intra-axial hemorrhages, large extra-axial hemorrhages which cause midline shift, and intraventricular hemorrhages are reliably detected with US. 64 Computed tomography scan is highly sensitive and specific for diagnosis of acute hemorrhage in newborns. 65 Computed tomography scan is very fast and state of the art scanners can image the brain in under a minute, but CT is not routinely available at the bedside. There is no need for intravenous contrast to diagnose ICH. The major limitation of CT scan is ionizing radiation. Magnetic resonance imaging is the most sensitive tool for detecting hemorrhage. However, MRI is expensive and not readily available in some settings. Furthermore, performance of brain MRI in newborns requires specific imaging protocols, specialized monitoring, and experienced radiologists to interpret findings. Magnetic resonance imaging should be performed with T1, T2, diffusion weighted imaging, and T2* gradient echo or susceptibility weighted images (SWI). T2* gradient echo images or SWI images, in particular, are sensitive for the detection of hemorrhages. The advantages of MRI are lack of ionizing radiation, multiplanar capability, and the ability to diagnose and detect abnormalities of the brain other than hemorrhage.
Evaluation of the neonatal brain can be complicated by the presence of asymptomatic thin posterior cerebral and posterior fossa subdural hemorrhages after uneventful vaginal deliveries. These hemorrhages can be present in up to 20% to 40% of newborns without hemophilia after vaginal delivery, 66, 67 and can be presumed to occur at least as often in newborns with hemophilia after vaginal delivery. It is not known how to determine whether these hemorrhages will progress to acutely symptomatic ICH. The incidence of these hemorrhages is much higher than that of symptomatic ICH in newborns with hemophilia, so that most will not progress to symptomatic ICH. The presence of such hemorrhages, particularly in an asymptomatic newborn, is therefore not necessarily an indication for factor replacement therapy. Babies with such hemorrhages should be followed up with close clinical monitoring, and possibly with repeated imaging (US or MRI are preferred, to minimize radiation exposure). Factor replacement therapy should be given promptly if symptoms develop or if there is significant progression on imaging.
Discharge Planning
Bleeding problems that occur during the newborn period do not always manifest immediately following delivery and may become apparent after discharge from hospital. It is therefore crucial that the families of affected newborns receive adequate counseling prior to discharge 68 with regard to bleeding risk during early life. Easy bruising can occur, and common sites of significant hemorrhage in children with hemophilia between 1 and 6 months of age include the head, oral mucosa, joints, and soft tissues. 4 Recommendations about vaccinations (see above) and medications to avoid (ie, those with antiplatelet effects or other effects on hemostasis) should be given. Prior to discharge, the newborn's primary care practitioner should be contacted and given information about the child's diagnosis, the potential risk of bleeding, and plans for follow-up care. Newborns with hemophilia living in remote areas should have arrangements made for a supply of factor concentrate to be available at their local hospital for treatment of bleeding episodes. Registration at an HTC is recommended before discharge, to ensure follow-up and to provide ongoing education for the family and community health-care providers.
Other Issues
Experience with management of premature newborns with hemophilia is limited to case reports. [52] [53] [54] [55] [56] [57] Management of premature newborns should be determined on an individual basis. Delivery and postnatal care should occur at an HTC.
Girls born to hemophilia carriers do not, in general, require special perinatal management. Females heterozygous for F8 or F9 mutations can have factor levels low enough to cause pathologic bleeding, but this is rarely clinically evident in the neonatal period. However, the possibility of bleeding should be kept in mind. Measurement of FVIII or FIX levels or genetic testing of girls should not be done in the newborn period unless the results would be important for immediate management. Ideally, confirmation of a girl's carrier status would be deferred, if possible, until she has the capacity to request the testing herself after appropriate discussion. 69 
Research Priorities
There are a number of areas in which improved understanding is especially needed. Systematic studies should determine the epidemiology and natural history of ICH and subclinical ICH, and should establish the optimal use and timing of different imaging modalities-US and MRI-for newborns with hemophilia. It is also important to determine evidence-based strategies for identifying newborns with hemophilia who will benefit from the prophylactic or empiric administration of factor concentrates. For those who do require replacement therapy, informed dosing decisions will only be possible with improved understanding of the pharmacokinetics of factor concentrates in newborns.
Conclusions
In the effort to deliver a healthy newborn with hemophilia, preparation that incorporates the expertise of a multidisciplinary team associated with an HTC is crucial. This guide provides clinicians with a comprehensive approach to planning for pregnancy, delivery, and the newborn period. However, many important gaps in knowledge exist, and it is hoped that future research will allow for continued improvement in the care of newborns with hemophilia.
